Abstract:
INTRODUCTION
The multiple events processes or processes that generate events repeatedly along the time are also known as the recurrent event processes [1] . Such processes are adapted to the repeated event data found in medicine and public health, where the number of events exhibited is relatively small for a larger number of processes. Multiple events are met in other domain such as social science, economics, manufacturing, insurance and reliability [2] . In multiple events studies, the number of events in distinct time intervals is termed as "counts", the gaps are the times between successive event, while the "event intensity" is the conditional probability of new event, given the past event [1] .
Cook and Lawless [1] discuss different multiplicative approach models such as the modulated Poisson model which consists of modeling the intensity processes given the history, and the Cox Models for ordered and unordered events. The interest in this study will be taken on the multiplicative model with the ordered events. Ordered events are based on the concept that the second event cannot occur before the first event, the third event cannot occur before the second event and so on. The models adapted to ordered events include the Andersen-Gill Model (AGM), the Wei, Lin and Weissfeld Model (WLWM) and the Prentice, Williams and Peterson Model (PWPM) [3] .
The AGM known also as the counting process approach [4] , assumes that all event types are indistinguishable and all events within the same subject are assumed to be independent [5] . Therneau [6] evokes a limitation of AGM of not allowing multiple events to occur at the same time. The WLWM is also known as the marginal risk sets model [7] . The WLWM assumes that events are unordered where each event has its own stratum and each data point appears in all strata. This allows an analysis of multiple events occurring at the same time. The PWPM also known as the conditional risk set model was proposed by Prentice, Williams and Peterson [8] . In PWPM, the set up of the dataset is the same as that of the AGM but the analysis is stratified by failure order [9] . The PWPM can potentially analyse time to each event from the previous event, this is known as the gap-time model. AGM, WLWM and PWPM have been alternatively used on bladder cancer data and on the hospitalisation and death data presented by Castañeda and Gerritse [10] .
The WLWM will be used in this study for modeling the risk of infant at Kigali University Teaching Hospital from 01-January-2016 to 31-December-2016 with two events namely death or occurrence of a chronic disease or complication that is due to the type of the dataset where the events of interest can occur on the same day taken as a unit in this study.
Including the introduction, the study comprises four sections: Section 2 is the methodology of the study where the mathematical formulation of AGM, PWPM and WLWM is described. Section 3 gives the main results and interpretation and Section 4 gives conclusion.
METHODOLOGY

Mathematical Formulation of Cox Model with Multiple Events
Consider the time scale t, t > 0 and a sample of n individuals under study and let N i (t) is a counting process with intensity process with the history of events and covariates up to the time t [11] . The mean cumulative function (MCF) µ i (t) and the corresponding rate of occurrence function ρ i (t) are defined in [1] as: Applying differentiation on both sides of (1) and using (3) yields:
(4)
Cook and Lawless [1] discuss different multiplicative approaches models such as the regression model for the rate function for both fixed and time-dependent covariates expressed by:
and the regression model for the mean functions for the fixed covariates, expressed by where
The second approach consisted of modeling the intensity process λ i (t) given the history F, that is
The expression λ k is the event specific baseline hazard for the k th event over time. Model (6) incorporate the AGM, WLWM and the PWPM according to the type of the dataset. Specifically Model (6) yield PWPM gap model of the form where B(t) = t-T N(t) is the time since the last event.
Likelihoods and Maximum Likelihood Estimation
The likelihoods constructions and maximum likelihood estimates for the multiplicative multiple events models are well developed in [1] , and specifically [12] , discussed a parametric based estimation for the rate function model; Lawless and Nadeau [13] addressed two ways of analyzing the rate function: The first one consists of specifying the distribution of the intensity process λ i (t) such as for example a Poisson process when λ i (t) = ρ i (y), or a negative binomial process if . In the second way, a distribution of the intensity process is not specified, this approach known as "robust" is potential to model means or variances [11] . In (7), ϕ = (α, β); α is called a baseline parameter, τ = max(τ 1 , τ 2 ,...τ n ) and:
Using the relationship (4), the log-likelihood can be written:
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The maximum likelihood estimates are obtained by solving a system:
The numerical methods such as the Newton-Raphson method are used for solving the system (8) . The adequacy of parameters is checked by finding the elements I αα , I αβ , I βα and I ββ of the information matrix I and assume that as n → ∞, [11] .
Setup of Dataset in AGM, PWPM and WLWM
Numerical examples on the layout of dataset in the AGM, the PWPM and the WLWM are found in materials such as [14 -21] . Assume that n is a maximum number of events per subject, and that τ k , k = 1, 2,...n, are times to events per subject along the study time with range [0, T]. Under the AGM, All events are assumed to be in one stratum along the study time. The study time T is subdivided into intervals defined by the times to events such as 0 -τ 1 ; τ 1 -τ 2 ; τ n -T, with event indicator for each time interval. The layout of dataset for PWPM is the same as for the AGM where for each interval corresponds a specific stratum, making the number of time intervals per subject equal to the number of strata per subject. The alternative PWPM based on gape time take 0 at lower bound of each interval per subject, the upper bound is given by the gaps or τ k -τ k-1 , k = 1, 2,...,n; the first and the last intervals are respectively 0 -τ 1 and T-τ n . Like in PWPM, the k th time interval per subject in WLWM is in the k th stratum, k = 1, 2,...,n. In WLWM, the study time is subdivided into n + 1 intervals each with lower bound 0 and upper bound equal to the time to event, the first and the last intervals are respectively 0 -τ 1 and 0 -T.
Dataset
The primary dataset of newborns at KUTH is recorded from 1 st January to 31 st December 2016 and a complete case analysis is considered. Two events per subject are of interest: death and occurrence of at least one chronic disease or complication. The chronic disease or complications recorded at KUTH are severe oliguria, severe prematurity, very low birth weight, macrosomia, severe respiratory distress, gastroparesis, hemolytic, trisomy, asphyxia and laparoschisis. Beside the event status and the time to an event, eleven covariates are of interest: demographic covariates that include the age and the place of residence for parents; clinical covariates for parents which include obstetric antecedents, type of childbirth and previous abortion. Clinical covariates for children include APGAR; gender, number of births at a time, weight, circumference of the head, and height, Table 1 describes the variables of interest. The layout follows the indication provided by the WLWM, Table 2 gives the first 50 entries, the full dataset can be found via the authors of this article. 
RESULTS AND INTERPRETATION
Model is implemented by using STATA package, version 14 and the dataset on infant mortality at KUTH with a portion given in Table 2 . The WLWM is used since death can occur without a previous chronic disease or complication and the two events could occur at the same time per subject. Tables 3, 4 and 5 present the estimates of the hazard ratios of the unadjusted WLWM with ties handling by Breslow, Efron and Cox approaches, respectively. The results in the later two approaches are not far from that of the default method (Breslow). Significant differences in levels are observed for the same covariates in all approaches for the age, abortion, gender, number, APGAR, weight and head where p-values are less or equal to. The adjusted WLWM with Breslow74, Efron77 and Cox72 methods of ties handling is summarised in Tables 6, 7 and 8 and the results are not critically different. The adjusted model by default (Breslow) suggests that the risk of death or attracting a chronic disease or complication of babies whose parents are from 20 years and 34 years old is 0.307 times that of babies whose parents are under 20 years old (95% CI:0.155-0.609, p = 0.001). The risk of death or attracting a chronic disease or complication of babies whose parents aborted more than once previously is 0.541 times that of babies whose parents did not aborted previously (95% CI:0.287-1.019, p = 0.057). The risk of death or attracting a chronic disease or complication of babies whose parents are 35 years old and above is 0.472 times that of babies whose parents are under 20 years old (95% CI:0.225-0.992, p = 0.047). The risk of death or attracting a chronic disease or complication for male babies is 1.672 times that of female babies (95% CI:1.204-2.321, p = 0.002). The risk of death or attracting a chronic disease or complication of multiple babies is 0.401 times that of singleton babies (95% CI:0.214-0.750, p = 0.004) The risk of death or attracting a chronic disease or complication for babies whose APGAR range from 4/10 to 6/10 is 0.414 times that of babies whose APGAR is below 4/10 (95% CI:0.236-0.726, p = 0.002). The risk of death or attracting a chronic disease or complication for babies whose APGAR range from 7/10 to 10/10 is 0.144 times that of babies whose APGAR is below 4/10 (95% CI:0.086-0.242, p < 0.001). The risk of death or attracting a chronic disease or complication for babies whose weight range from 2500 g to 4500 g is 0.238 times that of babies whose weight is below 2500 g (95% CI:0.144-0.391, p < 0.001). The risk of death or attracting a chronic disease or complication for babies whose circumference of head range from 32 cm to 36 cm is 0.420 times that of babies whose circumference of head is is below 32 cm (95% CI:0.264-0.669, p < 0.001). The risk of death or attracting a chronic disease or complication for babies whose circumference of head is above 36 cm is 0.284 times that of babies whose circumference of head is is below 32 cm (95% CI:0.067-1.211, p = 0.067).
